SUMMARY The anatomy of the proximal left coronary artery in 33 adult patients with bicuspid aortic valves was compared with that in 33 adult patients with aortic valve disease ofother aetiologies and with that in 50 adult control patients with no valve or congenital heart disease. Patients with bicuspid aortic valves had a higher incidence of immediate bifurcation of the left main coronary artery, of left main coronary length less than 10 mm, and of left cdrouary artery dominance. The mean length of the left main coronary artery was significantly less in the patients with bicuspid aortic valves. These variations from the usual coronary artery anatomy may be part of the developmental abnormalities responsible for bicuspid aortic valves, and require evaluation and consideration when considering angiography and valve replacement in patients with aortic stenosis.
Aortic stenosis occurring in the setting of a congenitally abnormal aortic valve has been associated with several other congenital abnormalities, including coarctation of the aorta, hypoplastic left heart syndrome, and reversal of dominance of the coronary arterial system (Reifenstein et al., 1947; Becker et al., 1970; Simon and Reis, 1971; Rosenquist, 1974; Higgins and Wexler, 1975) . In our experience with coronary angiography in adult patients with apparent bicuspid aortic valve disease, we have frequently encountered patients with either a very short left main coronary artery or immediate bifurcation of the left anterior descending and left circumflex coronary arteries.We, therefore, reviewed our angiographic and surgical data regarding the origin and length of the left main coronary artery and structure of the aortic valve in patients with aortic valve disease. The coronary artery anatomy of patients found to have bicuspid aortic valves was compared with that in patients with aortic valve disease of other aetiologies, and with that in a control group of patients who had no clinical or haemodynamic evidence of valvular or congenital heart disease.
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Methods
We reviewed the cardiac catheterisation data, cineangiograms, and coronary angiograms of the most recent 100 consecutive adult patients studied in our institutions who had clinical, haemodynamic, and angiographic evidence of aortic valve disease. In 66 of these patients, the anatomy of the aortic valve could be determined with certainty, and selective coronary angiograms were of adequate quality to evaluate the origin and length of the left main coronary artery. The most recent 50 patients with no clinical or haemodynamic evidence for valvular or congenital heart disease who underwent coronary angiography and -cardiac catheterisation served as a control group.
Coronary angiograms were obtained in multiple projections using 6 in Philips caesium iodide image intensifiers and 35 mm Arriflex cameras. The length of the left main coronary artery was measured in that projection (usually between 10 and 45 degrees right anterior oblique), where the left main coronary artery was judged to be perpendicular to the x-ray beam and where the site of bifurcation of the left anterior descending and circumflex coronary arteries could be most objectively identified (Fig. 1) Transvalvular gradients and' valve areas were measured using standard haemodynamic techniques. Supravalve aortic root and left ventricular cineangiograms including the sinuses of Valsalva were exposed biplane through Philips 9 in caesium iodide image intensifiers. The aortic valve was judged to be congenitally abnormal if there was isolated involvement of the aortic valve, and the sinuses of Valsalva appeared unequal on cineangiography (Fig. 3) (Simon and Reis, 1971) , or if the valve was described as bicuspid on visual inspection at the time of aortic valve replacement. Aortic valve disease on a non-congenital basis was said to be present if the sinuses of Valsalva appeared normal and were of equal size on cineangiography, and/or the visual evaluation of the valve at the time of surgery revealed three equal cusps. A history of rheumatic heart disease with evidence of mitral valve involvement on physical examination, noninvasive assessment, and cardiac catheterisation, and equal sinuses of Valsalva on angiographic evaluation was considered evidence against the aortic valve being bicuspid if there was no adequate surgical or pathological description of the aortic valve. Otherwise, if no surgical description of the aortic valve was available, and the anatomy of the aortic valve could not be determined with certainty on cineangiograms, the case was not included in this study.
Statistical analyses employed the x2 technique or analysis of variance.
Results (See Table 1) BICUSPID AORTIC VALVE DISEASE Thirty-three patients had a congenitally abnormal, bicuspid aortic valve; each of these patients had isolated involvement of the aortic valve. In 24 of these 33 patients, the aortic valve anatomy was confirmed at operation, the supravalvular aortic or left ventricular cineangiograms were diagnostic of a bicuspid aortic valve in 21 of these 24 patients. Nine patients had the diagnosis of bicuspid aortic valve anatomy established by angiography alone. Five of those 9 did not undergo surgery, and the remaining 4 had inadequate surgical documentation of their aortic valve anatomy. In these 33 patients with bicuspid aortic valves, the length of the left group.bmj.com on May 4, 2017 -Published by http://heart.bmj.com/ Downloaded from main coronary artery ranged from 0 to 33 mm, the mean length being 5-5 mm, with only 5 of33 patients (15%) having a left main coronary artery length greater than 10 mm. Six patients had effectively separate origins or immediate bifurcation of the left coronary artery into the left anterior descending and circumflex coronary artenes. There was a 'left dominant' coronary circulation present in 9 of 33 patients (28%). Equal dominance of the coronary circulation was noted in 8 of the 33 patients (24%).
Thus, 52 per cent of patients with bicuspid aortic valves had a non-right dominant coronary circulation. Only 2 patients with a left dominant or equal dominant coronary pattern had a left coronary length greater than 10 mm; 3 of 16 patients (19%) with right coronary dominance had left main coronary artery lengths greater than 10 mm.
THREE CUSPED AORTIC VALVES
Thirty-three patients had aortic valve anatomy which by angiography alone (3 patients) or surgical visual evaluation and angiography (30 patients) revealed 3 equal cusps and sinuses of Valsalva. Of these 33 patients, 18 had evidence of rheumatic involvement of the mitral valve.
In these 33 patients without evidence of congenital deformity of the aortic valve, 1 had immediate bifurcation of the left anterior descending and left circumflex coronary arteries; the length of the left main coronary artery ranged from 0 mm to 37 0 mm, the mean length being Statistical comparisons of these features of the coronary anatomy for the three groups of patients are presented in Table 1 and Table 2 .
Discussion
The current study indicates a significantly increased LMCA length 0-33, mean 5-5 P < 0 01 0-37, mean (mm) LMCA < 10mm 85% (28/33) P < 0 0001 32% (27/83) Left dominance 27% (9/33) P < 0-086 12% (10/83)
Abbreviations as in Table 1. incidence of both a short left main coronary artery and of immediate bifurcation of the two major branches of the left main coronary artery in patients with bicuspid aortic valves, when compared with patients without evidence for bicuspid aortic valve disease. The previously noted increased incidence of dominance of the left coronary artery in patients with bicuspid aortic valves (Higgins and Wexler, 1975 ) was confirned in our study. The length of the left main coronary artery has been evaluated in several previous studies; the values for left main coronary length in these studies are in close agreement with those obtained in our control patients. In a necropsy study by Green et al. (1967) , the average length of the left main coronary was found to be 11x4 mm, with 62 per cent of the hearts haQipg a left main coronary length of 10 mm or greater. Lewis et al. (1970) found an average left main coronary artery length, as assessed by coronary angiography, of 12 8 mm in a control group of patients, 68 per cent of whom had left main coronary artery lengths greater than 10 mm; a group of patients with left bundle-branch block were found to have significantly shorter left main coronary arteries (average length = 4-5 mm). None of our patients with bicuspid aortic valve disease had left bundle-branch block. Kronzon et al. (1974) related left main coronary length to the pattem of coronary arterial dominance; the average length of the left main coronary artery in their study was 10-4 mm; however, their patients with a left dominant coronary artery system had an average length for the left main coronary artery of only 3-1 mm. The increased frequency of dominance of the left coronary artery in our patients with bicuspid aortic valves noted in our study and in a previous study by Higgins and Wexler (1975) could partially account for the observed short left main coronary arteries noted in our patients; however, 81 per cent of our patients with right coronary dominance and bicuspid aortic valves also had left main coronary artery lengths less than 10 mm.
The association between congenitally abnormal bicuspid aortic valves and other congenital abnormalities is well established (Reifenstein et al., 1947; Spencer et al., 1960; Becker et al., 1970; Rosenquist, 1974 
